Intraparenchymal schwannomas of the CNS are extremely rare. Between 1979 and 1993 400 cases of intracranial schwannomas were operated on and among them were eight patients with intraparenchymal schwannomas comprising 2% of intracranial benign nerve sheath tumours. Four of them were located in the cerebral hemispheres and two each in the brain stem and in the cerebellum. In two cases, there was associated neurofibromatosis (NF-1 and NF-2, one case each). The age ranged from 6 months to 45 years with a male/female ratio of 3:1 and, surprisingly, six of them were in the left cerebral or cerebellar hemisphere.
Intraparenchymal schwannomas of the CNS are extremely rare, although intracranial schwannomas account for up to 8% of all primary brain tumours.' In a survey of the medical literature, we found a total of 33 cases of intracranial intraparenchymatous schwannomas, mostly in the form of case reports. The lesion is usually solitary and in only two cases,'5 an associated neurofibromatosis (NF) was found. We present a series of eight cases of intracranial intraparenchymal schwannomas, including two already reported67 from our institution. To the best of our knowledge this is the largest series in the medical literature.
Materials and methods
From 1979 to 1993 we encountered 400 histologically established cases of intracranial schwannomas, of which only eight were intraparenchymal. Four were located in the left cerebral hemisphere, two in the left cerebellar Figure 1 Tl weighted sagittal image shows bulbous enlargement (straight arrow) of medullospinal region, which is irregular posteriorly. It is isointense with brain tissue. Partial excision of the cerebellum is seen (patient 5).
hemisphere, and two in the brain stem. The age ranged from 6 months to 45 years (average age 18-2 years). Six were male and two were female (M:F 3:1). The duration of symptoms varied from two months to five years (mean 17-4 months). Table 1 gives a summary of the clinical features and radiological findings.
Treatment and results
All the patients were subjected to surgery. In two cases with brain stem lesions, radical tumour excision was carried out through a suboccipital craniotomy whereas in the rest the tumours were totally excised. Peroperatively all tumours were in the parenchyma and none of them showed attachment to any of the cranial nerves. All patients showed good functional recovery except one with a brain stem lesion in whom postoperative MRI showed a residual lesion (fig 1) . This patient failed to report for subsequent follow up.
Pathological findings
The entire tumour tissue for each patient was examined by light microscopy. Haematoxylin and eosin stain, Gomori silver stain for reticulin, and phosphotungstic acid haematoxylin stain for glial fibres were routinely employed. Formalin fixed paraffin embedded sections were stained by the avidin biotin peroxidase technique using monoclonal mouse antihuman glial fibrillary acidic protein (GFAP) and rabbit anticow S-100 protein (Dako Patt). The primary antibodies were used at 1:100 dilution with a one hour incubation period at room temperature.
Histological examination of the tumours showed interwoven bundles of oval or spindle shape cells containing elongated nuclei and scant eosinophilic cytoplasm. In many areas, the nuclei were aligned in a palisading arrangement and many verocay bodies were also seen (fig 2) . Some of the blood vessel walls showed thickening and hyalinisation. The tumours were rich in reticulin fibres. Immunohistochemically, all were uniformly negative for GFAP but showed strong positivity for S-100 protein. In patients 1 and 7 tumour tissue was also subjected to electron microscopy, which showed closely packed oval or elongated cells with many interdigitating cell processes. A basement membrane could be clearly seen around the plasma membrane. Cytoplasm of the tumour cells contained free ribosomes, some rough endoplasmic reticulum, mitochondria, and many electron dense, probably lysosomal, bodies.
Discussion
Intracranial schwannomas are not uncommon.
Most of them occur in the cerebellopontine angle in relation to the vestibular nerve' and less often in relation to other cranial nerves with the exception of the optic nerve. However, intracranial intraparenchymal schwannomas are rare. Until 1993, only 18 in the cerebral hemisphere, four in the brain stem, seven in the cerebellum, three in the sella, and one in the fourth ventricle had been reported (table2)c2s Russel and Rubinstein' reviewed six other unpublished cases. A reported male predominance and early age of onset of symptoms are clearly evident, as in the present study. Six of our patients were male and six were under 30 years of age. The youngest patient in this series was a 6 month old infant whereas the youngest patient previously reported in the medical literature was a 6 year old child. The duration of symptoms has been reported to vary from two months to five years but can be as long as 40 years. Clinical presentation depends on the location of the tumour. The shortest duration of symptoms is reported in brainstem lesions compared with cerebral tumours. Two of our patients with cerebral tumours (1 and 3) had a short dura-Sharma, Karak, Gaikwad, Mahapatra, Mehta, Suda tion of symptoms, of two and 2-5 months respectively. An interesting feature in this series was the location of the tumour, which was left sided in the six cases of cerebral or cerebellar involvement. Such a finding had not been reported previously in the medical literature (table 2) . For the cerebral schwannomas the ratio of right to left was 1:1. There are only two cases out of a total of 30 reported cases of intraparenchymal schwannoma which were associated with neurofibromatosis (table 2). In the present series, however, two out of eight patients (25%) had neurofibromatosis. Patient 1 was associated with NF-1 and patient 4 with NF-2.
Brain CT and MRI showed mass lesions of varying morphology, with non-homogenous contrast enhancement. Differential diagnoses included gliomas, meningiomas, and metastatic tumours. Microscopically the differential diagnoses considered were pilocytic astrocytoma and fibroblastic meningiomas.8 In such situations, immunohistochemistry and electron microscopy are helpful in resolving the problem as seen for patient 1. Radiologically, surgically, and microscopically the tumour resembled a meningioma but immunohistochemistry for S-100 protein was strongly positive and GFAP was negative. The diagnosis was further confirmed by electron microscopy. The treatment of choice for these tumours is total excision but this depends on the location of the tumours.2 Complete relief of clinical symptoms and signs is mostly achieved after total or radical surgical removal. In the present series, seven of our patients showed gradual but eventually complete neurological recovery without any recurrence after surgical removal of the tumour (follow up varying from one year to 10 years).
The origin of intraparenchymal schwannoma is still debated. Schwann cells are not normally found in the CNS. Hypotheses put forward to explain the origin of intraparenchymal schwannoma are: developmental abnormality resulting in the central displacement of Schwann cells during embryogenesis; tumour arising from peripheral nerve fibres containing Schwann
